


CD 

Q o 


c 

.Q csi 
£ csT 

CO T— 

c . 
CD 


0 

O 

0 

CL 

CO 


0 

_Q 

O 

O 

O 



V' 


Space Transportation Technology Workshop 



GTX Project Objectives 


\ 

M 




CD 

O 

C 



_0 

D 

Q. 

O 

Q. 

O) 

C 

■ mmm 


CD 

0) 



S O 

o I— 
1^ CO 
CD CO 






CD 


"O 


c 


CD 


03 


"CD 


"D 


0 


O 


C 


CD 


E 


L__ 


O 


t 


0 


CL 


E 


0 

c 

CO 

D) 

■ 

>* 

0 


0 

“O 

T3 

0 

E 

0 

0 

T5 

* MBI 

0 

"CD 

> 

>* 

0 

0 

0 

"D 

a 

> 

0 

o 

0 


0 

QL 

_Q 

• 



CD 

"D 

CD 

CD 

Q. 

CO 



CD 

O 


Q. 

CD 


CO 

CD C 

G) .2 
_0 _CO 

O 5 



Space Transportation Technology Workshop 

GTX Project 




•c 

§ 
<3 *55 



O 

O 

N. 


O 

O 

CO 


O 

O 

lO 


O 

O 


& 

g 

•s 

I 

fe 

o 

o 

c 

-c 

o 

c 

.0 

”~l'c 6 

=Q t 
^ o 
o a 
qj «o 
co c 

:Q £ 

N CD 
* O 
CO 

l;£ 

a 

£ 

0 

G 

<b 

CO 

1 

■h 5 

O 

ig 

in 

s 

jg 

3 

&■ 

LU 


o 

o 

00 


o 

Qi 

tmm 

g 

& 

x 

H 

0 


u /\j\ ‘uoyoejj ssei/\i jjquj 



GTX Reference Vehicle Description 




Space Transportation Technology Workshop 

GTX Project 



jet Stream and Simultaneous 



0 

£ 

(0 

OH 

1 


O 

o 

izr 


£ 

a 

o 

o 

c 

o 

o 

X 

a> 

a 

E 

o 

o 


£ 

as 


o> 

c 


2 c as 


£ 

(0 

a: 


0 2 

Sc| 

c/>.2 ! 

c ?! 
.2 

§' 5>3 

1 3 C iL 

•Q a> 

r U l. 

i«! 

o - 


a> 

TJ 

o 

E 

CB 

"5 

o 

Of) 


u 

0) 


3 

.O 

i 

(0 

“O 

c 

as 

c 

o 

'55 

3 


O 

o 

k. 

o 


c 

as 


©■2? 
■o 


k 


a> 

a 

o 

*D 

c 


<0 ^ a> 

I 


<® i- *t 

o © S 
0 - 0*0 
“>E« 

lif 

a> jc 5 
o o 2 
c re £ 
asg k 

srg 1 | 

o o, 2 £ 

< *t *■> . 5 * re 

J o c “ E 
- Q- D>^ <D 

0 £ 5 i « o 

HI (0 fc- b. to 

(0 3 ^ 4 -. 
. O* ® t 00 

® 5 o 2 < 


o 

E 

as 

o 

o 


© j 2 S)“: 


x © 
= >> 


as 

L. 

3 

O) 


.2 

3 

OS 

c 

3 

o 

a> 


5 

Q) 

-Q 

+= O t 
as 
a 

E 
o 
o 

o 


as t O> 


£ to 


O 

3 


(0 

E os - 

w -Q 

(0 ~ 

I 


's<2 


>» 

TJ 

O 

.Q 

0 

C 

0 

o 

O) 


<|> Q v; ^ 

- *" «vi » JO 


c 

O _ 

Q re co 

m = « 

5 0 ) c 

5-0 W 

£ S'® 
o • g 

11 — c 
O) 

<75 

_ re 

f U 3 

0 E-o 
“ ■■ re 


<U 

c 

0 


<0 

r 

o 

*o 

c 

re 

c 

o 


— re 


C 

o 

"55 
0 

0 
>_ 

a 

£ 

o 

a 

■§ <* 
X © 


as 

> 

as 

as 

k. 

as 

as 3J 

Is 

4-* 

■o ® 
2o 

•5 2 
or k. 
as o 

w £1 

tfi 5C 

®o 

7 i 
■- a> 

ii 

0 . o 




• • 


0) 

S * 

-Q a) 

S 3 
re ® 
■o ,S2 

c O) 
O) c 

8 TB 

ro— 

£ E 

■BS 

LU 2 


• • 


gtx rbcc Proputaton . SyMm 

Features 



Planned Flowpath Development Test Rigs 



Space Transportation Technology Workshop 































o 

Ik 


Space Transportation Technology Workshop 



Process and Material Development for Fabrication of CMC Blisks 

J. Kiser, 216-433-3247, James.D.Kiser@grc.nasa.qov 

LrMU dIISK 



(/? 

CD > 
■E CD 
0) Q 


> CO 
CO 

3 ^ 

■o ® 

O ™ 

O .<2 


0 

a ^ 
x c 
a> ® 

0 E 

o a 

ii 

o 0 
O -a 


CD 

0) 

= :> 

*- 8 

0 3 

a ^ 

a c 

o o 

o O 
■a -c 

0 O 
O *F 
C J “ 
0 > 

* | 

0 > 

•So 

O) 

c = 

■ ■H ■ Hi 

c n 

S s 

O 0 
(/) **“ 

0 ® 
® E 

a E 

P 0 
5 +■* 

o 0 

o a 


» 8 

vs 

H 

o .2 

<0 0 
0 C 

E 

S 8 

Q. o 

0 .2 

E 0 
*- o 
0 o 

5 S 4 

■D O 
= 0 
H ~o 

0 O 

| g 

1 5 

s* 

E £ 

<i> 2 

.£ S 

§ i 

£ E 
0 0 
a a 


CM CO lO CO 


>- >->->->- 


Space Transportation Technology Workshop 

>ks and Milestones 




CMC Cooled Components Actively-Cooled CMC Panel 

M. Jaskowiak, 216-433-5515 ^ jj^^H 

Martha.HJaskowiak@grc.nasa.gov 1 


■o 

c -o 
0 0 

0 o 

s. ® 

0 o 

O 0 

§ 0 ) 

O Q. 
I- o 
<|> O 

O) c 
c o 
0 o 

11 

0 O 

«- o 
0 o 

0 c 

1 3 


a 

0 

o 

c (ft 

o 

« 8- 

e S 

(3 O 

*4— O 

o +- 


0 **- 

0 **r 

+* O 
8 

u *•> 
C 0 
0 © 

1 i 

0 > 

in 

1 § 

§ 8 

0 E 

x: 0 

I- < 
■ ■ ■ ■ 
co in 


a 

a 

^ > 
^ o 

C CD 

0 aj 

(ft eft 

1 2 


>■ >■ >- 


© «r 

3 -§ 

2 8 

® s 

Q- j 

£ 5 

a> 0 

H oj 

■§) .9 


o T- 
io 
0 CD 

»* I 

0 co 
5 co 

1 t 

T3 ^ 

£ CM 

0 O 

8 « 
£ © 

o ■ 
0. ^ 


0 

LL £ 

s| 

- 1 
0 £ 

0) o 

0 O 

□ o 

L. C 
O 0 

c 

»- 1_ 
0 0 

II 

at 

0 o 

« = 

0 4-< 

0 0 

0 in 
0 0 

8 Q- 

2 £ 
a. ® 

it 

0 0 
*4 4-1 

0 0 
h. k. 
+■* +* 
0 0 
C C 

o o 

£ £ 
0 0 
D Q 
■ ■ ■ ■ 
CM CO 

o o 

>• >■ 

LL LL 


0 “ 
= 2* 


+**-*** 
” -C XJ 
— _ 
12 '5 ■O 
C 

0 © 
£ O 0 

Jr 5 </) 
0 “ fl) 
Q. Q- c 
0 "O -3 
0 C O) 

O) 0 3 

TJ 0 2 

s i « 

3 £ C 

■O 5k 0 


* 0 
0 £ 
.© 0 


w ^ ^ 

o 0 C 
1*0 ® 
- ■o 2 

0 C 0 
O 0 ±3 

'£ o. <2 

0 o £ 

o 5 E 
® 0 0 
£ Q Q 
■ ■ ■ ■ 
in 
o o 

>- >- 

LL LL 


Space Transportation Technology Workshop 

Tasks and Milestones 



CMC’s for Static Propulsion Components 

M. Freedman, 216-433-3284 
Marc.R.Freedman@grc.nasa.gov 


c 

Q> 

£ > 
Q. O 
O O) 

(D (0 

> w 
O (0 

J) O) 

| ? 

o ™ 

1 fc 


LO 
(1) h» 
CD 

o CO 

Q. CO 

£ T 

O CD 

o n 


£ ? 

CO CO 


o 

8 co 

T 4^ 

Q> c 

*5 0) 
o C 
co s 

i_ CD 
JO 0 

■O CO 
C |_ 
CO CD 

Sf 

£: co 

(D .C 

D o 


>• >■ >■ 


Space Transportation Technology Workshop 

Tasks and Milestones 



Cooled Leading Edge Concepts 

D. Glass, 757-864-5423, d.e.glass@larc.nasa.gov 



>* 

0 

£ » 

3 ® 

0 5 1 
0 0 
O U) 

9-2 

£ 'S 

O 

o 2 


CO +- 

0 O 

O) ± 


=6 |> 
8 1 


CO c 
0 .= 

o co 

._ 4-» 

t c 

■ 8 

" 2 

0 Q. 

** £ 

4-« “ 

c o 
0 o 
c -O 

O 3 
Q. co 

E ® 
O 5> 

O 3 

A 0 

3 O) 
CO C 

0 =5 

4-» 

CO ® 

<3 ^ 

• ■Ml 

J; 4-» 

.Q 0 
0 0 
U- H- 


t- CM CO 


>- >■ 


§ ? 

■o *0 

0 0 
k. k. 

0 0 
q. a 

E E 
o o 
o o 

0 .0 


X X 

cm in 


? i 

0 0 
O) O 

■o -o 

0 0 

O) O) 

c c 
^ ■— 

c ■O ■O 
0 0 0 
£ 0 0 

§ 

k- '.3 

> C C 

£00 

0 2 2 
■ ■ ■ • 
^ CO 


>- >- >■ >- >■ 


!» - S 

5 CO <9 
co r- q 
J= co o 

CO i *- 
Q. CO O) 

£9® 

i O) 
v (D C 
CO T- 0 
® CM CO 

^ ?s 

= 0> m 

5< 2i 

2 <5 g 

3 3 a> 

js S < 
oSl 

«= o In 
co . <D 


0 

■o 

OJ*F 
- £ 
to 2 


0 O 

0 g 
0 ° 
O > 


o 3 C 
O’ ° 
>* wi* "43 

2 o 8 

3 c 2 

■O .? 0 
C 0 C 

■- 0 o 

©0-00 

.= 000 
c c *• * - 
= .±00 

0 0 >;= := 
X 3 •= ■= 
uj 0 2 2 


o> C 
'C 0 

0 E 

0 C 

0 k. 

O 0 
o > 
0 o 

^ O) 
o k- 

3 £ 

O’ O) 

£*■= 
=: 0 
0 0 
■o 0 
c= o 

k. O 
0 < 
■o -x 

.o> O 
■C 3 

t> a 

3 a> 
1— +-> 

ts 0 


T- T“ T“ CO ^ 

o o o o o 

>■ >■ >" >" >■ 

U_ LL LL U_ LL 


Space Transportation Technology Workshop 

Tasks and Milestones 




Space Transportation Technology Workshop 



Goals and Objectives: 

• Improve the durability, reliability, performance and affordability of polymer matrix 
composite propulsion components for space transportation systems 
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low thermal expansion, ultra-high conductivity, high strength composites 
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Ceramic Matrix Composite (CMC) Life Prediction Methods (P-5-Ellis-2-t) 

POC: Rod Ellis/5900, Stan Levine/5100 
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